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Abstract
 This synthesis of post-fire treatment effectiveness reviews the past decade of research, monitoring, and 
product development related to post-fire hillslope emergency stabilization treatments, including erosion barri-
ers, mulching, chemical soil treatments, and combinations of these treatments. In the past ten years, erosion 
barrier treatments (contour-felled logs and straw wattles) have declined in use and are now rarely applied 
as a post-fire hillslope treatment. In contrast, dry mulch treatments (agricultural straw, wood strands, wood 
shreds, etc.) have quickly gained acceptance as effective, though somewhat expensive, post-fire hillslope 
stabilization treatments and are frequently recommended when values-at-risk warrant protection. This change 
has been motivated by research that shows the proportion of exposed mineral soil (or conversely, the propor-
tion of ground cover) to be the primary treatment factor controlling post-fire hillslope erosion. Erosion barrier 
treatments provide little ground cover and have been shown to be less effective than mulch, especially during 
short-duration, high intensity rainfall events. In addition, innovative options for producing and applying mulch 
materials have adapted these materials for use on large burned areas that are inaccessible by road. Although 
longer-term studies on mulch treatment effectiveness are on-going, early results and short-term studies have 
shown that dry mulches can be highly effective in reducing post-fire runoff and erosion. Hydromulches have 
been used after some fires, but they have been less effective than dry mulches in stabilizing burned hillslopes 
and generally decompose or degrade within a year.
Keywords: BAER, contour-felled logs, hydromulch, LEB, straw mulch, PAM, wood shreds, wood strands
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This report is a synthesis of post-fire emergency hill-
slope stabilization treatment effectiveness information that 
was written to provide guidance for future post-fire treat-
ment selection and use. It builds on an earlier synthesis, 
Evaluating the Effectiveness of Postfire Rehabilitation 
Treatments (Robichaud and others 2000) (fig. 1). Since 
that publication, the effectiveness of emergency post-
fire hillslope treatments have been evaluated in several 
scientific studies and treatment monitoring reports pre-
pared by Burned Area Emergency Response (BAER) 
and Emergency Stabilization and Rehabilitation (ESR) 
teams. In addition, our knowledge of how environmental 
factors impact treatment effectiveness and the develop-
ment of new post-fire hillslope treatment products and 
application techniques has grown. The objective of this 
document is to synthesize that new information in a format 
that is easily accessible by post-fire assessment teams 
and land managers.
Scope of Post-Fire Treatment 
Effectiveness for Hillslope Stabilization
This synthesis focuses on post-fire hillslope emergency 
stabilization treatments, including erosion barriers, mulch-
ing, chemical soil treatments, and combinations of these 
treatments. This is a narrow focus given the range of post-
fire emergency responses typically implemented by BAER 
teams (see Napper 2006 for a comprehensive review of 
post-fire treatments). However, these hillslope treatments 
are usually the most expensive post-fire treatments used, 
which makes cost effectiveness an important factor in 
their selection. In addition, recent reports synthesize the 
current information for other post-fire emergency treat-
ments. For example, a synthesis of broadcast seeding, 
one of the first and most extensively used post-fire hillslope 
treatments (Robichaud and others 2000), is discussed in 
papers being prepared by Jan Beyers (Pacific Southwest 
Research Station), Carolyn Hull Sieg (Rocky Mountain 
Research Station), Peter Fulé and colleagues (Northern 
Arizona University), and David Pyke (U.S. Geological 
Survey). Consequently, seeding is only included in 
this report when it was used in combination with other 
hillslope treatments. Post-fire stabilization treatments for 
roads are frequently implemented to facilitate the passage 
of potentially larger post-fire water flows that may dam-
age roadways, culverts, bridges, etc. These treatments 
and their known effectiveness have been addressed in 
A Synthesis of Post-Fire Road Treatments for BAER 
Teams (Foltz and others 2009) and are not included in 
this synthesis.
Post-fire treatments to stabilize channels or deflect 
large channel flows are occasionally recommended after 
wildfires, but there are few quantified data on treatment 
performance, and those treatments are not discussed in 
this document. However, some hillslope treatment effec-
tiveness studies have been done on swales, hillslope plots 
that contain two convergent hillslopes that form a zero-
order channel, and small catchments that contain one or 
more low-order channels with a clearly defined outlet. In 
these studies, the measured eroded sediment is trapped 
at the base of the hillslope swale or at the outlet of the 
low-order catchment channel system and includes the 
eroded sediment from the hillslopes and channels within 
the contributing area. Those studies are included in this 
synthesis because hillslope stabilization treatments (as 
opposed to channel treatments) were evaluated.
Figure 1. Cover of RMRS-GTR-63 (Robichaud and 
others 2000). 
iii
We have synthesized the available post-fire hillslope 
treatment effectiveness research and monitoring data that 
apply to the United States. However, with few exceptions, 
the data are from studies done in the western United 
States. There are some post-fire hillslope treatment 
studies from Europe, particularly Spain and Portugal, but 
the majority of the relevant research is from the western 
United States where hillslope treatments have been 
implemented after large wildfires. Wildfires do occur in the 
central and eastern United States, but post-fire hillslope 
stabilization treatments are rarely implemented, and there 
are few or no available data on treatment effectiveness. 
Generally, post-fire recovery occurs more rapidly in these 
wetter climates than in the drier western forest. However, 
with climate change, the risk of larger and more severe 
wildfires is becoming increasingly important in areas like 
the southeastern piedmont forests (Crumbley and others 
2007). The treatment effectiveness information that has 
been generated in the western United States will likely 
apply to other areas if post-fire treatments are warranted.
Side Bars
Side bars are the shaded boxes outside the main report 
narrative that contain unpublished treatment information 
that is more anecdotal than scientific. They are included 
to illustrate a decision-making process, describe an inter-
esting observation, or show how environmental factors 
impacted the effectiveness of a treatment.
All photos are from the USDA Forest Service, unless otherwise noted.
The use of trade or firm names in this publication is for reader information and does not 
imply endorsement by the U.S. Department of Agriculture of any product or service.





























their	 effectiveness.	 For	 example,	 the	 formulation	 and	
application	rate	of	mulches	can	be	modified	to	enhance	
specific	 qualities	 such	 as	 longevity,	 adherence	 to	 soil,	
interlocking	of	mulch	strands,	etc.	Burned	Area	Emergency	
Response	 (BAER)	 teams	 and	Emergency	Stabilization	





synthesis	 of	 post-fire	 hillslope	 treatment	 effectiveness	
discusses	 treatment	characteristics	as	 they	relate	 to	 the	
treatment	 performance,	 as	well	 as	 the	 effectiveness	 of	
various	treatments	for	emergency	hillslope	stabilization.
Post-Fire Treatment Types
Post-fire	 treatment	 activities	 are	 divided	 into	 three	
categories—emergency	stabilization,	rehabilitation,	and	
restoration—that	are	differentiated	by	objectives,	types,	












years	 of	 rehabilitation	 and	 restoration	 activities	 (GAO	









while	 meeting	 emergency	 stabilization	 objectives”	
(USDA	Forest	Service	Manual	2004,	Section	2523.03);	
however,	 emergency	 stabilization	 treatments	may	have	
long-term	 impacts.	Treatment	 types	 that	 are	 known	 to	
enhance,	 or	 at	 least	 not	 impede,	 natural	 recovery	 and	
potential	restoration	efforts	should	be	favored	when	treat-
ments	are	selected	for	emergency	stabilization	(Franklin	
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and	 untreated	 areas	 would	 be	 compared	 to	make	 that	

























1 Percent	 reduction	 can	 be	 misleading	 when	 the	 quantities	 being	
compared	are	small	relative	to	the	units	of	measure.	For	example,	
consider	the	following:	The	mean	sediment	yield	from	treated	plots	




















effectiveness	 (Robichaud	 2005;	 Robichaud	 and	 others	
2000,	2006,	2008a,	b;	Wagenbrenner	and	others	2006).


















































What to Expect—Predicting  
Post-Fire Response
Contributed by 













SB1-figure 2. Channel cross-section diagram showing the base channel 
structure, estimated cross-sectional area of water flow in the channel 
(based on hydrological modeling), and measured cross-sectional area of 
the debris torrent (water flow plus debris).
SB1-figure 1. Cross-section measurements were used to 
model the storm flow and estimate the parameters of the 
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Figure 3. Post-fire year one event erosion rates (plotted 
on a logarithm scale) versus maximum 10-min rainfall 
intensity (I10) as measured on hillslope study plots in 
the Bitterroot National Forest, Montana (after Spigel 
and Robichaud 2007).
Figure 2. The three-dimensional chart on the left is a conceptual diagram (after Neary and others 2005b) that illustrates the 
relationships between burn severity (low to high), hydrological event (small to large), and watershed response (minor to major). 
The chart on the right uses the same vertical axis (watershed response) and adds a fourth dimension—treatment effectiveness 
(low to high)—that is represented by a cross-hatched area. Treatment effectiveness varies by treatment type but generally 
decreases as watershed response increases.
Factors That Impact Post-Fire Watershed 










Factors Unrelated to Fire:
  • Rainfall characteristics, especially rainfall inten-









nection	 among	 rainfall	 amount,	 rainfall	 intensity,	
and	sediment	yields,	Moody	and	Martin	derived	and	
mapped	 “rainfall	 regimes”	 in	 the	 western	 United	
States	(fig.	4).	The	rainfall	regimes	were	determined	
by	a	combination	of	rainfall	types	(based	on	Kincer	
1919)	 and	 adjusted	 by	 the	 degree	 assigned	 to	 the	
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Figure 4. Rainfall regimes in the western United States as delineated by Moody and Martin (2009b; used with 
permission) (see table 1).
6 USDA Forest Service Gen. Tech. Rep. RMRS-GTR-240. 2010
 • Topography—The	erosion	rate	generally	 increases	



















































soil,	 such	 as	 changes	 in	 nutrient	 composition	 and	




the	duration	of	 those	 temperatures	within	 the	soil.	
Observable	post-fire	ground	parameters	(for	example,	
amount	 and	 condition	 of	 ground	 cover,	 ash	 color	
and	depth,	soil	structure,	presence	of	fine	roots,	and	
Table 1. Rainfall regimes, seasonal characteristics, intensity classification, and upper and lower 2-yr, 30-min rainfall 
intensity limits for each classification as delineated and described by Moody and Martin (2009b) for the 
western United States (see fig. 4).
Rainfall regime Seasonal characteristics
Rainfall intensity 
classification
2-yr, 30-min rainfall 
intensity (I 30
2yr ) 
(inch h–1 [mm h–1])
Lower Upper

























Summer and fall dry























































































porosity	 and	pore	 size,	which	 reduces	 infiltration	
rates	 (DeBano	 and	 others	 2005).	 Generally,	 soils	
with	 greater	 infiltration	 rates,	 higher	 levels	 of	
organic	matter,	and	improved	soil	structure	are	
less	erodible.



















soil	will	be	high.	As	 time	 since	 the	 fire	 increases,	 the	
ground	cover	will	increase	and	the	amount	of	bare	soil	
will	decrease;	thus,	time since the fire	is	indirectly	related	
to	amount of bare soil	exposed.
8 USDA Forest Service Gen. Tech. Rep. RMRS-GTR-240. 2010
In	a	study	of	post-wildfire	sediment	yields	in	the	west-
ern	United	States,	Moody	and	Martin	(2009b)	determined	
















































where	 it	 becomes	 a	 sediment	 source	 for	 water-driven	
erosion	in	subsequent	wet	season	rains	(Scott	and	others	
2009).	Many	post-fire	hillslope	stabilization	treatments	




Comparing Results and Scale of 
Measurements
In	 recent	 years,	 direct	 measurements	 of	 watershed	
















(Moody	 and	 Martin	 2009b).	 However,	 most	 post-fire	
treatment	 effectiveness	 studies	 have	 measured	 runoff	
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Figure 7. Cleaned-out 
sediment basin at the outlet 
of a catchment study site 
on the 2002 Hayman Fire 
in Colorado. 
Figure 5. Hillslope plot with a contour-felled 
log and a silt fence at the base for sediment 
collection on the 2000 Valley Complex Fires 
in Montana. 
Figure 6. Hillslope plot that 
incorporates a swale with a 
double silt fence at the base 
for sediment collection on 
the 2000 Bobcat Fire in 
Colorado.
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Figure 8. A contour-felled log erosion barrier with soil end 
berms to increase sediment storage capacity. 
Channelized	 flow—including	 deposition	 within	 the	
study	area	rather	than	at	 the	outlet	where	the	sediment	
yield	 is	measured—becomes	a	more	dominant	process	


































(sub-catchments,	 hillslopes,	 and	 plots).	At	 the	 smallest	








Erosion Barrier Treatments _______
Erosion	 barriers,	made	 from	 natural	 and	 engineered	
materials,	have	been	used	for	decades	to	mitigate	post-
wildfire	runoff	and	erosion	(Robichaud	and	others	2000).	
These	 structures	 are	 designed	 to	 slow	 runoff,	 cause	
localized	ponding,	and	store	eroded	sediment.	When	the	
erosion	barriers	function	as	designed,	they	can	decrease	
the	 erosive	 energy	 of	 runoff,	 increase	 infiltration,	 and	











Prior	 to	 2000,	 LEBs	were	 widely	 used	 for	 post-fire	
hillslope	 stabilization,	 as	 most	 forest	 fires	 leave	 dead	
trees	that	can	be	felled	and	limbed	for	this	use.	Managers	
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Figure 9. A recently installed straw wattle erosion 
barrier. 
Figure 10. A set of straw bale erosion barriers installed in a burned swale 
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mean	 EBPERF	 was	 87	 percent	 for	 contour-felled	 logs,	




sediment	 after	 that	 first	 storm,	 and	 their	 performance	
declined	as	additional	rain	events	occurred	(fig.	12).	In	
general,	EBPERF	 decreases	over	 time	 as	more	hillslope	
erosion	takes	place	and	the	proportion	of	MCS compared	
to	MEB	increases	(Robichaud	and	others	2008a).
Another	 erosion	 barrier	 performance	 measurement	
compares	the	actual	volume	of	sediment	stored	behind	
an	erosion	barrier	to	the	total	sediment	storage	capacity	
of	 that	 erosion	barrier	 (fig.	 13).	The	 sediment-trapping	
ability	 of	 any	 erosion	 barrier	 installation	 is	 dependent	
on	 the	 site	 characteristics	 (for	 example,	 slope	 and	 soil	
type),	 the	 individual	 erosion	 barrier	 features	 (such	 as	
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Figure 12. Mean erosion barrier performance (EBPERF [%]) for three successive natural 
rainfall events in post-fire year one as measured on hillslope study plots established on 
the 2000 Valley Complex Fires in western Montana. The date, total rainfall amount, and 
maximum 10-min rainfall intensity are listed for each event (Robichaud and others 2008a). 
Figure 13. Schematic of measurements made on a contour-
felled log to calculate the sediment storage capacity of the 
erosion barrier (from Robichaud and others 2008a). 
Figure 14. A partially filled LEB with unused 
sediment storage capacity indicated. 
14 USDA Forest Service Gen. Tech. Rep. RMRS-GTR-240. 2010
Consequently,	even	when	an	erosion	barrier	installation	
provides	 adequate	 capacity	 to	 hold	predicted	 sediment	

































installation	may	 improve	 performance,	 but	 it	will	 also	
increase	the	time	and	labor	costs	for	installation.
Erosion Barrier Treatment Effectiveness
Recent	research	efforts	in	which	hillslope	runoff	and/
or	sediment	have	been	measured	have	provided	insight	

































were	 evaluated	 at	 smaller	 scales	 and/or	 shorter	 times.	
Wagenbrenner	and	others	(2006)	found	LEBs	were	inef-
fective	 in	 large	storms	but	could	be	effective	for	small	
events	 given	 sufficient	 sediment	 storage	 capacity	 (see	
Appendix	B-Study	I).	Gartner	 (2003)	found	 that	LEBs	
generally	 were	 effective	 for	 low	 intensity	 rain	 events	
observed	during	the	two-month	study	period	(see	Appendix	
B-Study	 II).	 Robichaud	 and	 others	 (2008a)	 compared	





total	 runoff,	 and	 all	 three	 erosion	 barrier	 treatments	
reduced	peak	flow	rates;	however,	only	the	straw	wattles	























































soil	 moisture	 and	 temperature,	 control	 weeds,	 reduce	
soil	sealing,	and,	in	the	case	of	organic	mulches	such	as	











as	 above	municipal	water	 intakes,	 heavily	 used	 roads,	
Figure 15. Rainfall intensity versus sediment yield (logarithm scale) from 
a paired watershed study that involved six sites and data from up to six 
post-fire years in the western United States (Robichaud and others 2008b).








availability	 in	 the	 surface	 soil	 can	 improve	
natural	vegetative	recovery	and	benefit	seeded	








































Mulch Impacts Soil Temperature
Contributed by Greg Kuyumjian
Forest Hydrologist














Table SB2-1. Maximum ambient air temperatures and maximum soil 
temperatures at 1 inch (2.5 mm) depth were measured on two 
sites—one with straw mulch treatment and one without mulch. 
Data for July 22 to 25 are shown for post-fire years one, two, and 
three (2001, 2002, and 2003).  The average differences between 
maximum air temperature and maximum soil temperature by year 
are shown.  















July 22 77 [25] 77 [25] 79 [26] 70 [21]
July 23 82 [28] 86 [30] 83 [28] 75 [24]
July 24 81 [27] 86 [30] 80 [27] 75 [24]
July 25 77 [25] 83 [28] 87 [31] 72 [22]
Average 
difference 
soil temp. was 4 [2] degrees 
greater  than the air temp.
soil temp.was 9 [5] 




July 22 73 [23] 83 [28] 74 [23] 73 [23]
July 23 70 [21] 74 [23] 71 [22] 69 [21]
July 24 79 [26] 84 [29] 81 [27] 73 [23]
July 25 84 [29] 78 [26] 84 [29] 72 [22]
Average 
difference 
soil temp. was 3 [2] degrees 
greater than the air temp.
soil temp. was 6 [3] 




July 22 87 [31] 90 [32] 89 [32] 78 [26]
July 23 86 [26] 84 [29] 88 [31] 73 [23]
July 24 89 [32] 91 [33] 90 [32] 79 [26]
July 25 87 [31] 93 [34] 88 [31] 78 [26]
Average 
difference 
soil temp. is 2 [0.5] 
degrees greater than 
the air temp.
soil temp. was 12 [6] 
degrees less than the 
air temp.
17USDA Forest Service Gen. Tech. Rep. RMRS-GTR-240. 2010


















Agricultural	 straw	mulches	 often	 contain	 non-native	
seed	 species	 that	 can	 persist	 and	 compete	 with	 the	











































Hydromulches	 are	 combinations	 of	 various	 short,	
bonded,	 organic	 fibers	 (wood	 shreds,	 paper,	 cotton,	
flax,	etc.),	tackifiers,	suspension	agents,	seeds,	etc.,	that	














Figure 16. Following the 2000 Cerro Grande Fire near Los 
Alamos, New Mexico, areas were treated with aerial seeding 
and mulching. After three growing seasons, the ground cover 
in the mulched and seeded area (background) is much greater 
than in the seeded only area (foreground). 
18 USDA Forest Service Gen. Tech. Rep. RMRS-GTR-240. 2010
There	are	numerous	tackifiers,	bonded	fiber,	seeds,	





















Performance Characteristics of Mulches
The	amount	of	bare	soil	exposed,	or,	stated	conversely,	
the	 amount	 of	 ground	 cover	 is	 related	 to	 watershed	
response	and	to	the	treatment	effectiveness	of	post-fire	






[applied].	 Cost	 effectiveness,	 long-term	 durability,	 and	








installation	 is	dependent	on	application	 rates	and	 tech-
niques.	Aerial	application	of	mulch	is	constantly	being	
Figure 17. Woody mulch made from forest debris. Photo by S. Bautista.
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its	 impact	 on	 post-fire	 revegetation	 are	 also	 important	
performance	characteristics.










Figure 18. Hand application of post-fire straw mulch treatment (photo 
from Napper 2006: 28) 
Figure 19. Post-fire straw mulch treatment being applied downslope from a road using a 
trailer-mounted blower pulled by a tractor on the 2007 Cascade Complex Fires in Idaho. 
20 USDA Forest Service Gen. Tech. Rep. RMRS-GTR-240. 2010
Figure 20. Aerial application of post-
fire straw mulch treatment using 
a cargo net suspended below a 
helicopter; the cargo net is released 
over the target area (photo from 
Napper 2006: 25). 
Figure 21. Wood shred coverage 
after aerial application on an 
experimental watershed site 
established on an area burned at 
high severity on the 2007 Cascade 
Complex Fires in Idaho. The PVC 
pipe frame (39 inches [1 m] on a 
side) is strung with twine to form 
100 intersection points and is used 
























(heli-mulching),	 resulting	 in	 54	 percent	 average	 wood	
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Hydromulch	components	are	transported	as	dry	materi-
als	and	mixed	with	water	in	large	truck-mounted	tanks	
to	form	a	slurry	 that	 is	sprayed	or	dropped	on	 the	soil	
(fig.	22).	Some	hillslope	applications	have	been	completed	
using	 truck-mounted	 sprayers;	 however,	 the	 effective	





to	 apply	hydromulch	over	 large	burned	areas	 (fig.	 23).	









Figure 22. Trailer-mounted sprayer used to apply hydromulch from the road 
as a post-fire hillslope treatment on the 2002 Hayman Fire in Colorado.
Figure 23. Large-capacity helicopters fitted with slurry tanks are used to apply hydromulch 
as a post-fire hillslope treatment on the 2002 Hayman Fire in Colorado. 






















Mulch Impacts on Post-Fire Revegetation—
Optimizing	the	thickness	of	post-fire	mulch	is	a	balance	
between	 soil	 protection	 and	 the	 potential	 suppression	




Figure 24. A small piece of the aerially-applied hydromulch mat (exposed 
surface is brown) has been lifted off the burned soil (black) and flipped over 
to expose the underside of the mat (black and green). The pocket-sized 
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Mulch Effects on Post-Fire Revegetation
Contributed by










SB3-fig. 1. Wood chips used for post-fire hillslope 
treatment.  Note that wood chips that were entrained 
in the overland flow are piled at the outlet of the swale.
SB3-fig. 2. Rice straw applied as post-fire hillslope 
treatment.
SB3-fig. 6. The same swale (treated with wood chips) 
shown in SB3-fig. 1 is pictured here in 2007—post-fire 
year five.
SB3-fig. 3. Pellets of pulverized rice straw and granular 
PAM were applied dry and compressed and are shown 
here after a rain expanded the pellets. The insert in the 
upper right corner shows the small rice straw fibers more 
closely (felt tip pen inserted for scale). 
SB3-fig. 4. The mean percent cover that is live vegetation is 
shown by treatment and by post-fire year.
SB3-fig. 5. The mean percent bare soil is shown by treatment 
and by post-fire year.






are	 decay	 resistant—wood	 strands	were	 clearly	 visible	
seven	years	after	application	on	the	2002	Hayman	Fire	
in	 Colorado	 (P.R.	 Robichaud	 2009	 field	 observation).	
In	contrast,	hydromulch	generally	decays	within	a	 few	
months	to	a	year	(Bautista	and	others	2009).	The	rapid	












































and	humus	components	of	 the	natural	 forest	 floor;	 the	
larger	mulch	 particles	 (analogous	 to	 forest	 floor	 litter)	
function	primarily	 to	 reduce	 sediment	yield,	while	 the	
smaller	mulch	particles	(analogous	to	forest	floor	humus)	
primarily	 absorb	 rainfall	 to	 reduce	 runoff.	 In	 studies,	
long-stranded	mulches	(for	example,	agricultural	straws,	





















Agricultural Straw—Robichaud	 and	 others	 (2000)	
summarized	 results	 from	 four	 quantitative	 studies	 of	
post-fire	straw	mulching	treatment	effectiveness	that	had	
been	completed	prior	to	2000.	All	four	studies	reported	
a	 significant	 reduction	 in	 sediment	 yield	 due	 to	 straw	
mulching.	 Since	 2000,	 the	 data	 consistently	 show	 that	
straw	mulch	(ground	cover	of	over	60	percent)	is	highly	
effective	in	reducing	post-fire	hillslope	erosion	on	steep	
(up	 to	 65	 percent)	 slopes	 (Napper	 2006).	 Examples	 of	
measured	effectiveness	include:
	 	 After	 the	Cerro	Grande	 Fire	 in	New	Mexico,	 the	
application	of	straw	mulch	with	seed	reduced	mean	











































the	 sediment	yield	by	81	percent	 compared	 to	 the	















watershed	 (Robichaud	 and	Wagenbrenner,	 unpub-
lished	report	2006).
Given	 the	 measured	 effectiveness	 of	 straw	 mulch	 in	
reducing	 post-fire	 erosion,	 it	 is	 considered	 one	 of	 the	










































fine-grained	 soils	 (Yanosek	 and	others	 2006)	 (see	
Appendix	C-Study	VIII,	Lab	Study	2).
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	 	 After	 the	2002	Hayman	Fire,	manufactured	wood	
strands	were	one	of	three	treatments	(wood	strands,	
wheat	 straw,	 and	 contour	 raking)	 evaluated	 using	
hillslope	plots.	Of	the	three	treatments,	only	wood	
strands	had	 significantly	 lower	 sediment	yields	 as	
compared	to	the	control	plots	in	postfire	years	one	
and	two.	Also,	in	post-fire	year	two	the	remaining	

















mulch	 post-fire	 treatment	 effectiveness	 studies	 are	 in	















the	ground	for	 their	 full	 length	and	 reduced	 inter-
rill	erosion	by	80	percent	compared	to	a	60	percent	
reduction	with	 ponderosa	 pine	 needles.	 The	 long,	
bundled,	and	curved	ponderosa	pine	needles	tended	

























significantly	 reduce	 sediment	 yields	 as	 compared	
to	the	control	plots	in	either	year	(Rough	2007)	(see	
Appendix	C-Study	III).
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	 	 The	aerial	hydromulch	treatment	at	the	2002	Hayman	
Fire	 is	 also	 being	 evaluated	 using	 a	 paired	water-
shed	study,	and	the	preliminary	data	show	that	the	








	 	 After	 the	2003	Cedar	Fire	 in	 southern	California,	





























plots	 with	 silt	 fence	 sediment	 traps	 (Robichaud	
and	 Brown	 2002).	 In	 post-fire	 year	 one,	 the	
H50	 hydromulch	 reduced	 sediment	 yields	 by	
more	than	50	percent,	and	the	H100	hydromulch	
cover	 reduced	 sediment	 yields	 by	 about	 75	 per-







to	winter	 rains.	Besides	 the	 ongoing	 studies	 discussed	




Chemical Soil Surface  
Treatments _____________________
Tackifiers,	or	soil	binding	agents,	are	mixed	with	fiber,	


































structure	 and	 permeability	 (Ajwa	 and	 Trout	 2006).	 In	
agriculture,	PAM	is	mainly	used	to	reduce	erosion	and	
increase	 infiltration	 in	 sprinkler	 irrigated	 agricultural	
soils	and	low-flow	irrigation	trenches	(Lentz	and	Sojka	
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Performance Characteristics of PAM and 
Other Polymers
































Flanagan	and	others	 (2002)	compared	 three	 treatments	
(liquid	PAM,	liquid	PAM	plus	dry	gypsum,	and	untreated	
control)	using	rainfall	simulation	on	tilled	silt	loam	soil	







and	 PAM	 plus	 gypsum	 provided	 effective	 runoff	 and	
sediment	yield	reductions	on	steep	slopes,	it	did	not	look	
at	the	effectiveness	of	PAM	over	time.











soil	 column	 experiments	 to	 measure	 infiltration	 rates	
of	 an	unburned	 sandy	 loam	soil	with	 a	 range	of	PAM	


















applied	 for	 post-fire	 hillslope	 stabilization,	 but	 there	
have	been	few	attempts	to	evaluate	the	effectiveness	of	
the	 polymer	 component	 of	 the	 hydromulch	 treatment.	
For	example,	one	of	the	three	mulch	treatments	Riechers	










Range	 found	some	 initial	erosion	 reduction	 that	disap-
peared	after	the	first	30	min	of	the	1-hour	rain	simulation	
(Benavides-Solorio	and	MacDonald,	unpublished	report	


































































































































spending,	BAER	 costs	 have	 come	 under	 scrutiny,	 and	
cost	containment	protocols	are	being	explored.	Treatment	
justification	has	been	reframed	from	“reducing	a	threat”	








severity	 where	 adequate	 ground	 cover	 is	 provided	 by	
remaining	forest	floor	material	and	natural	mulch,	such	
as	 scorched	conifer	needles,	and	 for	areas	where	 rapid	
natural	recovery	is	expected.









2007)	 for	 non-monetary	 values-at-risk	 (water	 quality,	
habitat	 for	 threatened	 species,	 recreational	 value,	 etc.).	
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Protecting a Municipal Water Supply
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SB4-fig. 1. Photo taken after the 4 July 2004 storm 
showing overland flow in a swale near the top of the 
ridge above Myrtle Creek. 
SB4-fig. 2. Graph of the hourly turbidity monitoring 
measurements for Myrtle Creek, Bonners Ferry primary 
municipal water source, on 4 July 2004, 10 months after 
the Myrtle Creek Fire. The graph shows a pulse of sediment 
that passed through the system due to storm runoff. (Water 
Quality monitoring data from the City of Bonners Ferry Water 
and Sewer Department.)
























SB5-fig. 1. In post-fire year four, a paired watershed 
study site on the 2002 Cannon Fire in California had 
a rainfall event with maximum 10-min intensity (I10) of 
6.22 inch h–1 (158 mm h–1).  The sediment basin filled 
and then over-topped, depositing large rocks and tree 
debris both inside and outside the sheet metal wall that 
forms the sediment basin. The sediment yield from the 
contour-felled log treated catchment was estimated 
at over 3.9 ton ac–1 (8.7 Mg ha–1) (see table AB-9 in 
Appendix B).


















Monitoring	 the	 effectiveness	 of	 the	 specific	 treatment	
type	and	application	rate	for	the	climate	(specifically	the	










Using the “Best Available” Treatments









to	 these	 future	 choices	 even	 if	 the	 specific	 treatment	
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Appendix A.  Hillslope Treatment Effectiveness and Performance 
Characteristics Summary Table ______________________________________
Table AA-1. Ratings of post-fire hillslope stabilization treatment effectiveness for three rainfall regimes (high intensity, low intensity, and high 
total amount; see fig. 4 and table 1 in main text) are presented in the table below. Treatment effectiveness codes: 1 = more effective; 
2 = somewhat effective; and 3 = not effective. Treatments are also rated as more likely (more) or less likely (less) to exhibit performance 
characteristics that impact treatment effectiveness, post-fire recovery, and/or the environment. Other phrases are used to describe the 
performance characteristics of treatments that are dependent on circumstances or are not effectively rated as more or less likely. Details 
of treatment performance characteristics can be found in the individual treatment sections of the main text. 
  Straw Wood Hydro- Soil binders Contour-felled Straw
  mulches mulches mulches (PAM) logs (LEBs) wattles
Overall High intensity rainfall 1 1 3 3  3 3
effectiveness (>2-yr return interval)
(rating: 1, 2, or 3)
 Low intensity rainfall 1 1 1 2  1 1
 High rainfall amount 1 1 2 3  2 2
 (>2 inch [50 mm] in 6 hr) 
Performance Resistant to wind lessa morea more more more more
characteristics displacement 
that impact 
effectiveness Remains functional for more more less less more more
 more than 1 year
 
 Provides ground cover more more more less less less
 
 Increases infiltration more more not known depends on less less 
     conditions
 
 Increases soil moisture more more more less less less 
 retention
 
 Shortens flow paths more more less less more more
 
 Traps sediment more more less less more more
 
 Slows development of more more more more less less
 concentrated flow 
Other Contains noxious weed possible less less less less possible
considerations seeds 
 
 Delays revegetation depends on depends on less less less less 
  mulch thickness mulch thickness
 
 Harmful to the less less depends on depends on less less
 environment   components type and
     concentration
 a In wind tunnel tests, agricultural straw resisted movement in wind speeds of 15 mi h–1 (6.5 m s–1), and wood straw resisted movement in wind speeds of 40 mi h–1 
(18 m s–1) (Copeland and others 2006).
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Appendix B. Erosion Barrier Treatment Effectiveness Studies (2000 to the 
present) _________________________________________________________
Study I. Effectiveness of contour-felled logs (LEBs) in reducing sediment following the 2000 Bobcat Fire in central 
Colorado	(Wagenbrenner	and	others	2006)
Study design:  Contour-felled	logs	(LEBs)	were	hand-installed	at	a	mean	rate	of	900	ft	ac–1	(680	m	ha–1)	on	
20	to	35	percent	slopes	that	were	burned	at	high	severity.		Silt	fence	sediment	traps	were	established	at	the	base	
of	paired	swales	to	compare	the	sediment	yields	from	treated	and	untreated	areas.
Plot size(s):  Paired	swales	ranged	from	0.25	to	1.25	ac	(0.1	to	0.5	ha),	and	each	swale	included	a	zero-order	
channel	formed	by	convergent	hillslopes.











Table AB-1. Results from LEB study following the 2000 Bobcat Fire. Rainfall amount, maximum 30-min 
intensity (I30), and mean annual sediment yields are reported for each of the four years of the 
study. Mean percent difference in sediment yield between the control and the treated swales are 
reported for each year.  Time since fire codes:  FY = year of the fire; PFy1 = 1 year after the fire; 























PFy1 3.0  [75] 1.1 [29] 4.2 [9.5] old-2.5 [5.7]new-1.2 [2.8]
old-40
new-71
PFy2 1.4  [36] 0.67 [17] 0.54 [1.2] old-0.01 [0.03]new-0.09 [0.2]
old-98
new-83
PFy3 0.67 [17]4.3 [110]
0.71 [18]





a old =  sediment yields from plots installed before the large storm that occurred the same year as the fire.
b new =  sediment yields from plots installed after the large storm that occurred the same year as the fire.
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Study II. Measured effectiveness of LEBs in reducing sediment, and the effect of study plot size on these 









LEBs	generally	were	 effective	 for	 low	 intensity	 rain	 events	 observed	during	 the	 two-month	 study	period	
(Gartner	2003).
Table AB-2. Results from LEB study following the 2000 Hi Meadows Fire. Rainfall amount and maximum 10-min 
intensity (I10) are reported for the study area. Mean sediment flux (lb ft
–1 [kg m–1]) is reported for plots. Mean 
cumulative sediment yields (ton ac–1 2-mo–1 [Mg ha–12-mo–1]) for the hillslopes, sub-catchments, and 
catchments are reported for the study period of 2 months. Mean percent difference in sediment yield between 




















PFy1 4.2 [107] 1.3 [34] Plots 511 [762] 107 [161] 79
Control
(ton ac–1 2-mo–1 
[Mg ha–1 2-mo–1])
Treated
(ton ac–1 2-mo–1 
[Mg ha–1 2-mo–1])
Hillslopes 1.3 [2.8] 0.21 [0.46] 84
Sub-
catchment 0.29 [0.64] 0.27 [0.61] 7
Catchment 0.38 [0.86] 0.05 [0.11] 87
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Study III. Comparing the effectiveness of three erosion barrier treatments in reducing sediment following the 


















Table AB-3. Results from erosion barrier study following the 2000 Valley Complex Fires. Mean rainfall amount, maximum 10-min 
intensity (I10), and event sediment yields are reported for both the simulation study and the natural rainfall study. Mean percent 
difference in sediment yield between the control and the treated plots are reported for each year.  Time since fire codes: 









(ton ac–1 [Mg ha–1])
Treated




Rain + inflow simulation
Rain: 1.1 [26] for 60 min
Inflow: 13 gal min–1 [48 L min–1] for last 15 min
0.98 [2.2] LEB                0.26 [0.58]Straw wattle   0.09 [0.21]a












(ton ac–1 [Mg ha–1])
Treated
(ton ac–1 [Mg ha–1])
Difference
(%)


















LEB                6.7 [15]
Straw wattle   12 [27]
Trench            14 [32] 

















LEB                0.36 [0.8]
Straw wattle   0.49 [1.1]















LEB                0.08 [0.19]
Straw wattle   0.14 [0.31]




a Significant (p = 0.005) reduction in sediment yield compared with the control.
b Negative values in the percent difference column indicate that sediment yields were larger for the treated plots than for the control plots.
c 2- to 5-yr return period for 10-min duration (Miller and others 1973).
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Study IV. A multi-year, multi-site study of the effectiveness of LEBs for reducing post-fire runoff and sediment 
yields (Robichaud	and	others	2008b)






Factors that impacted study design and/or results: Results	from	each	of	the	six	sites	are	reported	separately	
below.






Table AB-4. Results from LEB effectiveness study following the 1998 North 25 Mile Fire. Event rainfall amount, maximum 
10-min intensity (I10), runoff, peak flow, and sediment yields are reported for rainfall events that resulted in runoff 
and/or sediment. Data for large events (I10 ≥ 2-year return period) are in bold type and the return period is shown as 
a subscript. Mean percent difference in sediment yield between the control (C) and the treated (T) plots are reported 
for each event.  --- indicates that no rainfall events resulted in measurable runoff or sediment in that year. Time since 
fire codes: PFy1 = 1 year after the fire; PFy2 = 2 years after the fire; PFy3 = 3 years after the fire; and PFy4 = 4 years 








I10 --------Runoff--------- (X 10





(inch [mm]) [m3s–1km–2]) (ton ac–1 [Mg ha–1]) Difference

































PFy2 --- --- --- --- --- --- --- --- ---
PFy3 --- --- --- --- --- --- --- --- ---




measured 0.08 [0.17] 0 [0] 100
a Negative values in the percent difference column indicate that sediment yields were larger for the treated plots than for the control plots.
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Table AB-5. Results from LEB effectiveness study following the 1999 Mixing Fire. Event rainfall amount, maximum 10-min intensity (I10), runoff, 
peakflow, and sediment yields are reported for rainfall events that resulted in runoff and/or sediment. Data for large events (I10 ≥ 2-year 
return period) are in bold type and the return periods shown as a subscript. Mean percent difference in sediment yield between the control 
(C) and the treated (T) plots are reported for each event.  n.d. means that no data was obtained.  --- indicates that no rainfall events resulted 
in measurable runoff or sediment in that year. + indicates that the event sediment yield was added to next event sediment yield. Time since 








I10 ---------Runoff------------ (X 10





(inch [mm]) [m3s–1km–2]) (ton ac–1 [Mg ha–1]) Difference
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–100a
  95
PFy3 0.87 [22] 0.83 [21] 0.01 [0.3] n.d. 5.7 [0.4] n.d. 0 [0] 0 [0]       0










































      0
      0
     89
      0















      0
    100
a Negative values in the percent difference column indicate that sediment yields were larger for the treated plots than for the control plots.
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Table AB-6. Results from LEB effectiveness study following the 2000 Valley Complex Fires.  Event rainfall amount, maximum 10-min intensity 
(I10), runoff, peakflow, and sediment yields are reported for rainfall events that resulted in runoff and/or sediment. Data for large events 
(I10 ≥ 2-year return period) are in bold type and the return periods shown as a subscript. Mean percent difference in sediment yield between 
the control (C) and the treated (T) plots are reported for each event. n.d. means that no data was obtained. --- indicates that no rainfall 
events resulted in measurable runoff or sediment in that year. + indicates that the event sediment yield was added to next event sediment 














(inch [mm]) [m3s–1km–2]) (ton ac
–1 [Mg ha–1]) Difference






















































PFy3 0.04 [1.1]a 0.20 [5]a 0.22 [5.7]a 0 [0]a 0 [0]a 0 [0]a 0.040 [0.09]a 0 [0]a 100
PFy4 --- --- --- --- --- --- --- --- ---
PFy5 --- --- --- --- --- --- --- --- ---
PFy6 0.74 [19]a 0.47 [12]a 0.10 [2.5]a 0.004 [0.1]a 0 [0]a 0 [0]a 0.054 [0.12]a 0 [0]a 100
a The runoff and sediment produced by this event were caused by snowmelt.
45USDA Forest Service Gen. Tech. Rep. RMRS-GTR-240. 2010






Table AB-7. Results from LEB effectiveness study following the 2001 Fridley Fire. Event rainfall amount, maximum 10-min intensity (I10), runoff, 
peak flow, and sediment yields are reported for rainfall events that resulted in runoff and/or sediment. Data for large events (I10 ≥ 2-year 
return period) are in bold type and the return periods shown as a subscript. Mean percent difference in sediment yield between the control 
(C) and the treated (T) plots are reported for each event. n.d. means that no data was obtained.  --- indicates that no rainfall events resulted 
in measurable runoff or sediment in that year. + indicates that the event sediment yield was added to next event sediment yield. Time 
since fire codes:  PFy1 = 1 year after the fire; PFy2 = 2 years after the fire; PFy3 = 3 years after the fire; and PFy4 = 4 years after the fire 








I10 --------Runoff--------- (X 10





(inch [mm]) [m3s–1km–2]) (ton ac–1 [Mg ha–1]) Difference












































PFy2 0.19 [4.8]b 0.12 [3.0]b 0.19 [4.7]b 0.01 [0.3]b 4.3 [0.3]b 5.7 [0.4]b 0.13 [0.29]b 0.071 [0.16]b 45




















a Negative values in the percent difference column indicate that sediment yields were larger for the treated plots than for the control plots.
b The runoff and sediment produced by this event were caused by snowmelt.
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Table AB-8. Results from LEB effectiveness study following the 2002 Hayman Fire. Event rainfall amount, maximum 10-min intensity (I10), runoff, 
peak flow, and sediment yields are reported for rainfall events that resulted in runoff and/or sediment. Mean percent difference in sediment 
yield between the control (C) and the treated (T) plots are reported for each event. n.d. means that no data was obtained. --- indicates that 
no rainfall events resulted in measurable runoff or sediment in that year. + indicates that the event sediment yield was added to next event 









I10 --------Runoff--------- (X 10





(inch [mm]) [m3s–1km–2]) (ton ac–1 [Mg ha–1]) Difference
C T C T C T (%)



















































































































a Negative values in the percent difference column indicate that sediment yields were larger for the treated plots than for the control plots.
47USDA Forest Service Gen. Tech. Rep. RMRS-GTR-240. 2010













Table AB-9. Results from LEB effectiveness study following the 2002 Cannon Fire. Event rainfall amount, maximum 10-min intensity (I10), 
runoff, peak flow, and sediment yields are reported for rainfall events that resulted in runoff and/or sediment. Data for large events 
(I10 ≥ 2-year return period) are in bold type and the return periods shown as a subscript. Mean percent difference in sediment yield 
between the control (C) and the treated (T) plots are reported for each event. --- indicates that no rainfall events resulted in measurable 
runoff or sediment in that year. Time since fire codes: FY = year of the fire; PFy1 = 1 year after the fire; PFy2 = 2 years after the fire; 








I10 --------Runoff--------- (X 10





(inch [mm]) [m3s–1km–2]) (ton ac–1 [Mg ha–1]) Difference
C T C T C T (%)
FY 3.9 [100] 1.1 [29] 0.004 [0.1] 0.004 [0.1] 0 [0] 0 [0] 0.058 [0.13] 0.054 [0.12] 7.7
PFy1 0.77 [20] 0.39 [10] 0 [0] 0 [0] 0 [0] 0 [0] 0.004 [0.01] 0 [0] 100
PFy2 --- --- --- --- --- --- --- --- ---
PFy3 --- --- --- --- --- --- --- --- ---
PFy4 1.2 [30] 5.3 [134]100 0.02 [0.6] 0.04 [0.9] 14 [1.0] 23 [1.6] 4.3 [9.7] 6.8 [15] –158
a
a Negative values in the percent difference column indicate that sediment yields were larger for the treated plots than for the control plots.
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Appendix C. Mulch Treatment Effectiveness Studies  
(2000 to the present) _______________________________________________
Study I. Effectiveness of straw mulch + seeding treatment to reduce sediment yields following the 2000 Cerro 















Table AC-1. Results from straw mulch plus seeding hillslope treatment following the 2000 Cerro Grande 
Fire. Annual rainfall amount, maximum 10-min intensity (I10), and mean annual sediment yields are 
reported for the year of the fire (FY) and the post-fire year one (PFy1). Difference (%) in mean sediment 












(ton ac–1 yr –1 
[Mg ha–1 yr –1])
Straw mulch + seeding 
(ton ac–1 yr –1 
[Mg ha–1 yr –1])
Difference
(%)
FY 2.1 [52] 0.94 [24] 3.7 [8.3] 1.1 [2.5] 70
PFy1 6.1 [156] 3.9 [99] 5.6 [12.6] 0.30 [0.67] 95
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Table AC-2. Results from straw mulch study following the 2000 Bobcat Fire. Rainfall amount, maximum 
30-min intensity (I30), and mean annual sediment yields are reported for each of the four years of the 
study. Mean percent difference in sediment yield between the control and the treated plots are reported 
for each year. Time since fire codes: FY = year of the fire; PFy1 = 1 year after the fire; PFy2 = 2 years 












[Mg ha–1 yr –1])
Straw mulch 









PFy1 3.0  [75] 1.1 [29] 4.2 [9.5] old-0.2 [0.5]new-0.009 [0.02]
old-95.2
new-99.8
PFy2 1.4  [36] 0.67 [17] 0.54 [1.2] old-0.009 [0.02]new-0.003[0.006]
old-98.3
new-99.5
PFy3 0.67 [17]4.3 [110]
0.71 [18]





a old = sediment yields from plots installed before the large storm that occurred the same year as the fire.
b new = sediment yields from plots installed after the large storm that occurred the same year as the fire.
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Table AC-3. Results from straw mulch and hydromulch study following the 2002 Hayman Fire. Rainfall amount, 
maximum 30-min intensity (I30), and mean annual sediment yields are reported for post-fire years one 
(PFy1) and two (PFy2). Mean percent difference in sediment yield between the control and treated plots 
are reported for both years. Treatment codes: StrM = dry straw mulch; GHM = hydromulch-ground applica-
tion (sprayed on); and AHM = hydromulch-aerial application (applied with aircraft) (Rough 2007).

















StrM 5.9 [13.2] 0.33 [0.74] 94
PFy1 6.0 [153] 1.6 [40.4] GHM 4.5 [10.2] 3.8 [8.5] 17
AHM 3.2 [7.2] 0.17 [0.39] 95
StrM 4.9 [11.0] 1.1 [2.5] 90
PFy2 11.9[303] 0.87 [23.2] GHM 3.8 [8.5] 3.1 [6.9] 19
AHM 2.0 [4.5] 1.0 [2.3] 50
51USDA Forest Service Gen. Tech. Rep. RMRS-GTR-240. 2010
Study IV. Effectiveness of dry barley straw mulch and seeding treatments in reducing erosion following a 1991 
















Table AC-4. Results from barley straw mulch plus seeding study following a 1991 wildfire in Spain. An-
nual rainfall amounts have been estimated from a bar graph of monthly amounts. Maximum intensity 
was not reported. Mean annual sediment yields are reported for post-fire years one (PFy1) and two 
(PFy2) by soil type (gypsiferous; calcareous) and treatment (Mulch + Sd = straw mulch plus seed; and 
Seed only). Difference (%) in mean sediment yields between the control and treated plots are reported 
for both years and were significant at the p<0.05 level; differences (%) between treatments were sig-



















PFy1 ~12 [295] Not reported Gypsiferous soil Mulch + Sd  0.19 [0.43] 83
1.14 [2.56] Seed only     0.36 [0.80] 69
Calcareous soil Mulch + Sd  0.18 [0.41] 59
0.45 [1.01] Seed only     0.28 [0.63] 38
PFy2 ~10 [247] Not reported Gypsiferous soil Mulch + Sd  0.63 [1.42] 59
1.6 [3.49] Seed only     0.56 [1.25] 64
Calcareous soil Mulch + Sd  0.32 [0.71] 64
0.87 [1.96] Seed only     0.44 [0.98] 50
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Study V. Effectiveness of hydromulch treatment in reducing erosion following the 2003 Cedar Fire in southern 
California (Hubbert,	unpublished	report	2007)


















Table AC-5. Results from an aerial hydromulch study following the 2003 Cedar Fire. Rainfall amount and 
sediment yields are reported by treatment and parent material for three series of rainfall events in 
post-fire year one. Treatment codes: Strip HM-gabbro or Strip HM-granitic = hydromulch applied in 
100 ft [30 m] wide contour strips over 50 percent of a burned area with gabbro or granitic parent ma-
terial; Full HM-granitic = hydromulch applied over 100 percent of a burned area with granitic parent 
material; and Control-gabbro or Control-granitic = untreated control area with gabbro or granitic parent 
material. The sediment yields are estimated from bar graphs in the monitoring report. Mean percent 
difference in sediment yield between the control and treated plots are reported for all three periods. 

















4 5.7 [145]2 Feb-2 Mar
Strip HM-gabbro 0.6 [1.3] 63
Control-gabbro 1.6 [3.6]
Full HM-granitic 0.4 [0.9] 87
74Strip HM-granitic 0.8 [1.8]
Control-granitic 3.1 [7.0]
5 0.85 [21.6]3 Mar-13 Apr
Strip HM-gabbro 1.6 [3.6] 52
Control-gabbro 3.3 [7.4]
Full HM-granitic 0.5 [1.1] 62
Strip HM-granitic 1.0 [2.2] 23
Control-granitic 1.3 [2.9]
6 0.41 [10.4]14 Apr-16 May
Strip HM-gabbro 0.1 [0.2] 50
Control-gabbro 0.2 [0.4]
Full HM-granitic 0.01 [0.02] 90
Strip HM-granitic 0.05 [0.1] 50
Control-granitic 0.1 [0.2]
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Table AC-6. Results from a study of three mulches following the 2002 Indian Fire. Rainfall amount, maximum 
10-min intensity (I10), and mean sediment yields are reported for three post-fire erosion-causing summer 
rain events that occurred in the year of the fire (FY). Treatments were wood chips, compressed pellets 
(PAM plus pulverized rice straw), and rice straw. Mean percent difference in sediment yield between the 
control and treated plots are reported for all three events by treatment. “na” indicates that no data were 



















13 Jul Wood chips   0.18 [0.42] 93
to 0.36 [9.2] 0.9 [22.9] 2.8 [6.4] Pellets            na na
30 Jul Straw             na na
31 Jul Wood chips     0 [0] 99.9
to 0.36 [9.1] 1.5 [38.1] 4.8 [10.8] Pellets            0.92 [2.2] 80
14 Aug Straw             na na
15 Aug Wood chips     > 6.9 [> 15.5]a < 68
to 2.4 [61] 4.6 [117] 21.6 [48.4] Pellets            12.6 [28.2] 42
14 Sep Straw             4.1 [9.1] 81
a Silt fences over-topped, resulting in unmeasured sediment; the amount reported is less than the actual total sediment yield.
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Table AC-7. Results from field-based, small plot, straw mulch study using rainfall simulation following the 
2002 Fox Creek Fire. The mean value for the simulated rainfall amount and intensity are the same be-
cause the intensity was held constant over each hour-long simulation. Mean sediment yields and mean 
percent difference between control and treated plots are reported for each year. Treatments were wheat 
straw mulch (Mulch); seeding (Seed); and untreated (Control). Time since fire codes: PFy1 = 1 year after 




















10 Mulch 3.3 [84] 0.5 [1.0] 86
10 Seed 3.2 [82] 2.6 [5.8] 19
10 Control 3.3 [83] 3.2 [7.2]
PFy2
3 Mulch 2.5 [64] 1.0 [2.2] 48
2 Seed 2.7 [68] 0.8 [1.8] 57
4 Control 2.6 [66] 1.9 [4.2]
55USDA Forest Service Gen. Tech. Rep. RMRS-GTR-240. 2010
Study VIII. Laboratory studies of mulch effectiveness in reducing runoff and/or erosion on forest soils with post-
fire treatment applications




















Table AC-8. Results from a laboratory study of post-fire needle cast mulch treatment ef-
fectiveness. Mean runoff and sediment yields are reported for granitic and volcanic 
soil for the by needle type (PP = ponderosa pine; DF = Douglas-fir), cover amounts 
(%), and inflow rates (L min–1). The symbol “nd” signifies no data. Different letters 






Soil type Granitic Volcanic Granitic Volcanic
Needle type PP 1.83a 2.32a 440a 506aDF 1.75b 2.17b 441a 392b
Mulch cover 
(%)
0 1.83a 2.32a 623a 509a
15 1.85a 2.21ab 565b 514a
40 1.82a 2.28ab 425c 464a
70 1.66b 2.1b 146d 309b
Inflow rate 
(L min–1)
0 0.56c 0.28d 62c 18d
1.5 2.05b 1.93c 551b 398c
2.4 2.75a 2.75a 707a 512b
3.9 nd 4.09a nd 868a
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Table AC-9. Results from a laboratory rainfall and inflow simulation study on the effec-
tiveness of manufactured wood strands for mitigating runoff and erosion. Re-
duction in runoff (%) and sediment yield (%) as compared to bare plots at 30 percent 
slope are reported by soil type (sandy loam and gravelly sand), percent cover (%), 
and simulation period (R = rain only [0 to 15 min]; R+1 = rain plus 1 L min–1 inflow 
[15 to 20 min]; and R+4 = rain plus 4 L min–1 inflow [20 to 25 min]). The percent re-
ductions are estimated from line graphs as reported in Yanosek and others (2006: 




Runoff reduction compared to bare plots (%)
Sandy loam soil Gravelly sand soil
R R+1 R+4 R R+1 R+4
0 0 0 0 0 0 0
30 86 56 36 80 50 25
50 99 83 59 95 75 40




Sediment reduction compared to bare plots (%) 
Sandy loam soil Gravelly sand soil
R R+1 R+4 R R+1 R+4
0 0 0 0 0 0 0
30 93 79 73 91 81 75
50 <100 92 86 99 94 91
70 <100 99 90 <100 95 94
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Table AC-10. Results from a laboratory rainfall and inflow simulation study on the 
 efficacy of wood shreds for mitigating erosion. Mean runoff depths (mm) and 
sediment yields (g) are reported by soil type (sandy loam and gravelly sand), percent 
cover (%), and simulation period (R = rain only [0 to 15 min]; R+1 = rain plus 1 L min–1 
inflow [15 to 20 min]; and R+4 = rain plus 4 L min–1 inflow [20 to 25 min]). nr = no 





Sandy loam soil Gravelly sand soil
R R+1 R+4 R R+1 R+4
0 3.1 6.3 11 <0.01 1.3 4.2
30 0.2 1.8 5.7 <0.01 0.9 3.7
50 nr 0.4 3.4 nr 0.4 2.7





Sandy loam soil Gravelly sand soil
R R+1 R+4 R R+1 R+4
0 780 1310 2330 4 790 3670
30 20 170 480 0.1 160 1470
50 nr 20 190 nr 50 460
70 nr <0.01 50 nr 20 210
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Table AC-11. Results from a laboratory rainfall simulation study to evaluate three size blends of wood shreds 
for mitigating post-fire erosion. Mean runoff depths (mm) and sediment concentrations (g L–1) are reported 
for statistically significant treatment effects (α = 0.05). Results are presented by mulch blend (NONE; AS IS; 
MIX; and REDUCE), cover amount (0, 50, and 70 percent), and simulation period (R = rain only [0 to 15 min]; 
R+1 = rain plus 1 L min–1 inflow [15 to 20 min]; and R+4 = rain plus 4 L min–1 inflow [20 to 25 min]). Each 
combination of mulch blend and cover amount are shown for the rain only (R) period as cover amount 
was a significant factor only during that period. The results of 50 and 70 percent cover are combined for 
the simulation periods that included inflow. Superscript letters denote statistical groupings from pairwise 
comparisons within a simulation period (across a row) for either runoff depth or sediment concentrations 









50 0.34ab 0.52ab 0.18b 24bc 36b 32b
70 0.29b 0.23b 0.27b 6.9c 21bc 17bc
R+1 3.3a 0.81b 0.95b 0.81b 240a 40b 61b 96b
R+4 8.7a 5.2b 5.5b 4.7b 450a 420a 320ab 270b
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Appendix D. Polyacrylamide (PAM) Treatment Effectiveness Studies  
(2000 to the present) _______________________________________________
Study I. Effectiveness of anionic polyacrylamide (PAM) treatment in reducing sediment yields following the 2002 
















Factors that impacted study design and/or results: 
•	 A	separate	laboratory	test	found	that	PAM	preferentially	binds	to	ash	over	soil.	
•	 The	rain	erosivity	explained	58	percent	of	the	variability	in	sediment	yields.
Table AD-1. Results from PAM treatment effectiveness study following the 2002 Schoonover Fire. Rainfall amount, 
maximum 30-min intensity (I30), and mean annual sediment yields are reported for three post-fire years. 
Difference (%) in sediment yield between the control and treated plots are reported, and significant differences 
(p ≤ 0.05) are in bold type. Time since fire codes: FY = year of the fire; PFy1 = 1 year after the fire; and 











(ton ac–1 yr–1 
[Mg ha–1 yr–1]) Treatment
Treated 




FY 4.2 [106] 0.64 [16] 1.2 [2.8] Dry PAM 1.0 [2.3] 18
1.6 [3.6] Wet PAM 0.25 [0.55] 85
PFy1 4.8 [122] 0.72 [18] 0.89 [2.0] Wet PAM—applied 
on dry PAM swales
1.2 [2.7] –35a
7.4 [17] Wet PAM—no new 
application
4.5 [10.2] 40
PFy2 9.6 [245] 1.3 [33] 3.7 [8.3] Wet PAM—reapplied 
to dry PAM swales
3.6 [8.1] 2
6.0 [14] Wet PAM—no new 
application
2.6 [5.8] 59
a Negative values in the percent difference column indicate that sediment yields were larger for the treated 
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Study II. Effectiveness of anionic polyacrylamide (PAM) treatment alone and in combination with straw mulch 























Table AD-2. Results from PAM and straw treatment 
effectiveness study following the 2004 Red 
Bull Fire. Mean value for net soil loss (inch [cm]) 
over a three-year post-fire period as estimated 
from a scatter plot. Estimated percent difference 
in soil loss between the control and treated plots 
are reported; however, none of these differences 
are significant at the p < 0.05 level. No rainfall 








Straw –0.31 [-0.8] 14
PAM –0.12 [-0.3] 57
PAM plus straw –0.16 [-0.4] 43
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Appendix E. Combination Treatments Effectiveness Studies (2000 to 
present) _________________________________________________________











Table AE-1. Results from the combination study following the 2002 Hayman Fire. Annual rainfall 
amount, maximum 30-min intensity (I30), and mean annual sediment yields are reported for 
two treatments (hand scarification plus seeding and untreated controls) in post-fire year one 
(PFy1) and post-fire year two (PFy2). Difference (%) in sediment yield between the control 



















PFy1 6.0 [153] 1.6 [40.4] 4.3 [9.7] 4.0 [8.9] 7
PFy2 11.9 [303] 0.87 [23.2] 3.2 [7.1] 2.7 [6.0] 15
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Study II. Effectiveness of treatment combinations to reduce sediment yields following the 2000 Cerro Grande 
















Table AE-2. Results from combined hillslope treatments following the 2000 Cerro Grande Fire. Annual rain-
fall amount, maximum 10-min intensity (I10), and mean annual sediment yields are reported by treatment 
(straw mulch + seeding + LEBs and untreated controls) for the year of the fire (FY) and the post-fire year 
one (PFy1). Difference (%) in mean sediment yields between the control and treated plots are reported 











(ton ac–1 yr–1 
[Mg ha–1 yr–1])
Straw mulch + 
seeding + LEBs 




FY 2.1 [52] 0.94 [24] 3.7 [8.3] 0.84 [1.9] 77
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